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Arl (±x tt^ I < liit^Ol^f 1 6 ~ 6 0 'J - ^i^ Xlirafc 
L<(ill®mo^mm3~6 0<Z>^-rn7U-;mT?fc»K Ar2 ji, *&ISC 

*\ rat t < i2M*ottjftxifc6 - 6oo7'j l < t±*ra 

<or;v^^ !3U±ra*> L<ttfcra«>]B3Mfcl~2 oor;V3^ry*-C*>* 
o fcfiU Arl Jtz>*Ar2 OV*r*L*--\fr«4* fti L< iilf^OMfi: 

io~6 o <7)M#sis, xt*rat t<«±^ra^=K^*sc3-6 o^Mr 

~6 0<O7'J-V>», ratL<l±^ra^^*8fc3-6 OWAfDT'J- 

r»4^ 7K^t-. ra<>L<ttiftrao^*»t6-6 o^7v-;vi, 
i>L< i&mm&<n&&i i m& 3-6 o^tot'j- ra t u < ^iitti^ 

BMW l ~~ 2 o«)7;K^i, Xttrafc L< i±&rao£t3R8U ~2 o<t)T;v 
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i\ am& t < imw3&<nm)km%t6 ~~ 6 o <?>t »; -;w&> ai&*> l < f»a& 

<7>$m$:lti&: 3-6 0©Afn7'J- & t < fiisamo^iifc 1 ~ 2 

o <7)t^^;^ xf±a$i& t < \mw&<vvmm. 1 ~ 2 0 <dt)vu * v*-e& 

£o fcrtfU Arl MAr2 tf)V>-f *L^-3jte. aj& & L < \&1&W$k <7 )1fc&<M 

tio~6o <nm&m&s xim& t < imm^m^m^i 3-6 

m & t < t»sm<7)^mifc 3-6 ooAfnr'j- ;v*> em l < i±i&am 
oot;^jh> Xf*am*> L<i±4$am<^RStsfci~2 o<dt 
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A r 1 it, ft^)t< l±$tfimo^f£tfc6 - 6 0 <DT *) Xt±S&*> 
L < imW^^m^S - 6 0WAfn7'J-;Vit*^ Ar2 l±, 

<7)^^3~6 0^Afnr')-;H, L< temW&vRmW.! ~2 0 

io~6 ovm&nm, xim&bL<imw&<om>%.mwL3~~6 o^/^-r 
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^TU^o ) 
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i^m^M^^i^l&WBblEIil^EL^T-^^ (C.W. Tang, S.A. Vansly 
ke, 7^9^ K7 -r V?-X (Applied Physics Letters), 5 1t, 9 1 

3i, 1 9 8 7*?m mmu^mmum-tir^mmELm^ 
{zm-f^m^^M'^fix^^o t a n g hit, 

* Hi * & d t , H^ftf rtT^t fcEbfe^ * ffl & c ^^tf <b tL 
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©Jg, LTfflv»fc»*\ WEI 2 VC«*ffft2 3 0 0 c d/m2 © 

[0 0 0 3] 

MWfcfctt 1 1 

#HS 2001-687 7^&# 

#M 2001-35664 -^2r# 
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L<(±teg^(7)^^i5:3~6 O^fnT'l-^ifib^ Ar2 y^mm 
i\ WM*> L < liift^IMt6 ~ 6 0 V L < 

1 ~ 2 QKDTfr*)^ Xl±WtkbL<imW&<D&tmWil~2 0<DT)V 
n^yl^l), nli0~5<7>^ifc-e&*K n^2 &±<7)if£\ m»>Rt*|sI- 

[0 0 0 8] 
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L < ltMW&?>1fc%M i &. 3-60 nTV- 1, A r 2 (i, tJc&IK 
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<n$m%Li~2 0^7;^^ ztiSm^L<«*sgm^mifi:i-2 oor 

[0 0 0 9] 
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t < t±&1Wj|tf>$[0UfcS!t3 ~ 6 OWatdt'J ^ Ar 2 tK^H 

^\ s& & l < \mw&<omsm& e-6o<orv- /u*. am u< 

0«Hit&3~6 0WAfn7')-^i, SJ£& L < li&tt!fe<Z>R38fc 1 ~ 2 0 
(7) r ;v * X»±«fc L < (iift^^ft l ~ 2 0 T * a * ->*"C* * 
o fc£U Arl RtTAr2 WfM>--fttt. «*fcL<l±*«fcW«&** 
10-6 0«»#«*, Xt±1l»tt<«tt1l*W***Sk3->'6 OOT^r 

6~60W7'J- 4> t < »i*IHft«)«jft*a: 3-60OAfO7'J- 

t»^*»l-2 0O7^3*yi-C*»)> R' RO f R ,, ttR|— ' etlftot 
v»tU^o ) 

[0 0 10] 

t t < tt^ft 

[0 0 11] 

^otti«m«^« ±ibhr* (i) ~ o) (D^-ftifr-emz 
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-ft5£ (1) K£v*T. Arl g&*> L<»;M!!HBifeO^*»6~6 0W 
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2-^7^;v«, i-t>m;;v^ 2-r>hVfrm, 9-r>h 

V ;V^> i-7xf>h'j^i, 2-7xt>F'J^ 3-7xt>h');vi 

-??*:~)vm, i-*y-fc->m?, 2-^ 6 

-*>;-fc-;v^ i-fc?I/-;i/*, 2-\LV-fr& 2 -if 7 

;V/ _ 4 _^;i / ^ > p -?-7x-JV- 3 - ^^S, p-?-7x-fl/-2-'f^ 

y^~)V- 2 -J o-HJ^ft, m-MJJU&N p - h y ^> p-t- 
7fjV7x^;vi, p- (2-7x-;V7*nii;v) 7xi;i/i, 3 -*^;v-2 

% 4* _^;vtf7i^;W 4" - t -7f;V-p-^-7x-)V-4- 

H&<7)^ A'-7jVto7xr:;vi, ;N'-7;vtnf7f;vi, ;i-7^tnr> 

lffiO*, 9- (1' -t7f;l/) T> h v-fe^:^^ lli<?>^> 9- (2' 
r> h ?-fe>-^ib&& ilffi?>^ 6 -y^-)V? *)-t>frb%:2> l 

^S^^ifibtL. 7x-;H, -f-y-^^m, if7o.-;vS> *-7i~^> 
9 _ (i 0 -7x^V) T>hV)i>m, 9- [10- (1' -^77^;v) ] T > 
g_ [io- (2' — 7-7^;V) ] 7>h^viWiU\ 
[0 0 12] 

„ 7'J^i, fx^Jli, yn-')^ kTV^*, ^7V^, ^V^r7'J 

^>y 7 'jjvi, ^'J5v>i, *^^/'j;H, -few 
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& *>"J -fv*/V tv^o 
[0 0 13] 

(1) iCjS^T, Ar2|i, tK#E^ I«tL<li*lftO«ftt«! 
6-6 0 (»4L< 1*****6 -4 0) tf^l<t±if^ 
iRft3~6 0 L<«i«*««[3-4 0) WAfDT'J-^ 

Uli*tM»~2 0 (#4L<*ilfc*«fcl~-6) ^)TJ^;H, Xtt 



[0 0 14] 

, yn^jvi, ^v^n^i, n s-y^;v^. -fv^f;vi, 

t-^;Hfe, n-^>-f"^*> n-A^fyJH, n-^^^*> n-*?^ 
tKn^y^f;^ 1 Fn^yxf;^ 2 - Kn^fyxf;H 
, 2-tKn=lry'fV7'f;vi> 1, 2-ytKn^yx«, 1, 3-y^ 
Kn^y^fvyntfJH, 2, Kn^ry-t-Wi> 1, 2, 3- 

•xf-JV^ 2-^nn>fvWS, 1, 1, 
nn>fV7 , Dif;vi, 2, 1, 2, 3-hU^n 

nyntf^I, yo^^f;H, 1 -7*n^.x^;v^ 2-7'°*^^ 2 
-■/n^e^v^;^ 1, 2-y'7'ntxf;vi, i, 3 - v^n^M v/n 
2, 1,2, 3-h'jrn^nt>i 

% a_K^^;v^ i-3-K^;v^ 2-3-k^?-;i^ 2-s-lMv 
y^^S, 1, 2-^3-K^;V^ 1, 3-ya-F>fvyDt>i, 2, 
3 _c;3_K- t-^;v^ 1, 2, 3-F'i3-Kynt>I, 7XJ**f- 

l-r^^f-;^ 2-75;xf;vi, 1 



miiE# 2003-3072640 



#M 2003-005184 



^-v: 14/ 



, 2->7^xf;vi, 1, Z-VT*;4V7U\£)V^ 2, 3-y7^ 
- t --/^)Vm, 1, 2, 3-b'J7U^nn>i, vT^f^l> 1-v 
T/jcf-;^ 2-y7/xf;i,i, 2-y7^vyf^ 1, 2-vvT 
;xf)H, 1, 3-yy7y-fV7*ntm 2, 3-yy7/-t-7fiV 
^ x> 2 , 3 - h 'J y 7 / T'n t: ^i, - h n ^ f . 1 - x l> nxf ;vi 
N 2-=-Yujl^)V^ 2--hD^ V7fJVi, 1, 2-y-I>nxf;H > 
1, 3-yxfn-f v^ne;vj, 2, 3-y'xfn-t-7f;H, 1, 2, 
3 _ h i; - bn^nt>i, v?n-/nt:;i/^ i/?w7*J-)V^ v?n^>f- 

[0 0 15] 

co^ijhtT(±, ^fiH, x-^^m, ynfjvi, ^v/n^i, n-r^ 

s-t*?-;«x 'fvwi, t-r^-;v*. n-^^v 

2-tKn^yxf;H, 2-bKn^r^y7f^ 1, 2-v 
tKn^yxf^I, 1, 3-y , tKn^y^77 1 nt:>i, 2, 

1, 2, 3->'JtKn^y7°nt:;H, ^n^f)H 
l-^nnxf;vi, 2-7nnxf;H, 2-^0^77^1, 1, 2 
-y*^nnxf;vi, l, 3-y^an^f V7°nt>I, 2, 
-•/*-/Hf* 1, 2, s-h'J^nnyn^i, rn^^f^ 
•xf-JU*, 2-7 i n^xf^ 2-7*n^-fV7'f^i, 1, 2-^a^x 
1, s-yVn^^VT'neM, 2, 3-yVn*-t-7f^ 
l, 2, 3- h U^u^eyntf 3-K^f-;v^ l-a-K^;^ 

2_ 3 _Kxf;Vi, 2-3-fMVWi> 1, 2-^3- Kxf^ 1 
p 3-^g-K>f V^ntf^/*, 2, 3-y3-K-t-Wi, 1, 2, 3 
_ K^nkf;^ 7^^f^i> 1-7 5 /xf^S, 2-75/x 

2-75y-fV7f^ 1, 2-y'75^xf;Vi, 1, 3-77^ 
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;f;yo^ 2, 3-y7^-t-WH, 1, 2, 3-hU75/ 
•/ntf/Hfe, yr/^f^i, l-y7;xf;vi, 2-v7/if^ 2- 
y7/^VWi, 1, 2-yy7;xf^ 1, 3 - v vT 7 4 V/n tf 
2, 3-vv7y-t-Wi, 1, 2, 3-hU '>7^ot>i, 

1, l, 3 - v- h n W V "/a fc?;i/^ 2, 3 

[0 0 16] 

fc/iU — fl£5£ (1) Arl WAr 2 m>-f 3r 

l < {ites^^^^^i o~6o <Dm&m&, xtismt t < itmm&v&fe 

^3~6 O^^^fni^li-e^So 
[0 0 17] 

(i) ©Li ^.o ? l2 ti, ^w®:&k> w&i>L<imw 

KtiifMMt3~6 0 («P*L<tt*lWMfc3-4 0) co-s^nT'J 
Ll S.tFL 2 Og&fc L<«e^<7)T LTJi, ItTlBA r 1 

o 

Arl t pg&a^ f - n7 1 J-»feH K**!^ £l&£2«O^L£*>?> 
[0 0 18] 
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[ftl 0] 



-o- 



-d 



-b 





^&fc&l£ri*S>Stf*i;&3£"C2b& tftt L^o Ztitt, Tffi— (2) - (3 
[0 0 19] 

£t>K> H»* (1) fcfc^T, tftlBArl TBHW (4) ~ (13) 
■C^$ttA3fe-C**fc«ftL^ 0 -tt{±, TIE— «5S: (2) ~ (3) Kov>"Cfc 
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Mil 1] 



R 1 




ri ~R92 {i> zti^timLLx. imm^ ^^^^ e 

i^i L < liit^Mf 1 12-80 <Ov 7 - ^7 S$ 
ifc3~4 0^fn7'J-iH, Xtiffilfet L < ti»1Ufc^^*^l 8-12 
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[<b i 2 ] 








[0 0 2 0] 

(1) <7>R^ fcmm.^, f t ^ L < liiiMRtSc6 - 6 0 07 

t < (iismm^*^ i - 2 oor^^v^ xiiamfc t < i&mw&<nsz%& 

1-2 0OT^3*->i1fJb5, 
[0 0 2 1] 

ifc, n (i 0 ~ 5 OfiESrC* »K 0~3t$^tffL<, n#2JJU:^ 
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[0 0 2 2] 

-ft* (2) ic*5v»t, ai ~a3 i*. -etL-rti^anc, fltiBkw#-c**o 

-ft* (2) K*3\/*T> Ar 1 SVAr 2 *ftWafc£U, ItrfS^PW? 

o 

-ft* (2) K&^X, R' -ft* (1) ORfclWC**o 
[0 0 2 3] 

— ft* (3) iw*5v^T. Ai ~a 2 »±, -etL^rn^^. wu£Ftifc~?$>&o 

-ft* (3) ^£^T> Arl &tfAr2 t±. **L«Lafcfcfc, m&tmmr? 
Arl S.t>*Ar2 ovvf *L^— tttfe L < t±&fi*fc<^&&*& 1 0 

-ft* (3) icisv^r. Li rx/l* t±, ^sK.w&sifc, mia^ii^*^ 

o 

-ft* (3) fcfcwc, R' RlTR , Mi,.**lWftfcfc, -ft* (1) 

R' 3tu f R ,, tiR— •c&ftfco-cv^-cfc 

[0 0 2 4] 

^ft^O-tt* (1) ~ (3) ^*S*L&«***SWI»frO*»«*^T 

Tia^*. r\J »±JMfrfr***« 
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[0 0 3 1] 
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Mb 2 3] 



11-1 
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9x ^ 
oy xx 



Xj 





XX 







XT 



XT 



xx 
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Ht2 6] 




[0 0 3 8] 

Cl*i<b— jftsft (1) ~ (3) m>r*l^^S*t*^&*&* 3 R®NMfctix ft 
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<Dp&<t*>imw. tarn— x&t (i) - (3) ov>r*t^-c*$*i**»wo 
tit. mm^mm^mmmmmK m*&xttRv/x&m**&#ft£ l 

[0 0 3 9] 

TW)&ntLX&, Na (ftWSfc: 2. 3 6 e V) , K (ft*W* I 2 
. 2 8 e V) „ R b (tt^Mifc *. 2 . 1 6 e V) „ C s 0£fc*IH& I 1 . 9 5 e 

V) *itt*Wb*L£o 
ri^'J±itIttt(i, Ca (ffc*M&: 2. 9eV), Sr (tt*W# 

:2.0~2. 5eV),Ba (ft*H& : 2 . 5 2 e V) W»f«)*ii. 
#±3S&JIi: ITIi, Sc. Y, Eiu Tb> Ce^W»b*t&o 
T;v* 'J^JRoat^i: LTl±, Li2 0> LiO> N a O^^ffcft&o 
T;v# y&JR^n^VftJB&i: LT»i> LiF, N a F, KF, LiCK K 

C K NaC lWf^^. 
T>W* i ;±»#JR^>aiftWi: LTl^ CaO, BaO, SrO, BeOW 

T;V^ i ;±«#JROyNny>>fk^i: Ltti, C a F 2 . BaF2> S r F 2 > 
MgF2 RVB e F 2 fcv»ofc-7 "7 yft%J^<^n^ Wfc&ri^f 

[0 0 4 0] 
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*\ Ca, Sr. RV?Bam<V7)\'*V±m£:mtfmi>fhti, ft*M» s 2. 9 

£ Mcfcft L < (i, RbXfiC sT^, ft^>0t LOiiC st*$>^ 0 

9 e V£kT<DM7t&y-'*> V t It, -ItLfb 2TOU:OT;V# U ^HOfi^t) 
■tWK, C s *^A,tzUfr&fr*£, fflxJ^ CshNa, CstK 

, C s tRbXIiC s i:Na tKhoa^^SiiW Lv\> C s £ 

[0 0 4 1] 

(1) »S/H*JS/»* 

(2) »S/jE?Lax»/3&*»/RWB 

(3) M/S&ftH/m^ftAW/lfc* 

(4) WS/jE^L&XJB/f&^SI/m^XW/lftffi 

(5) »*/W«###«/l&3te«/lfe« 

(6) M/^ws^/m^ii^/^e/p^ 

(7) »*/**^*fMI/«^/ft«?fc#»/l!W 

(9) mte/mm/mm/wm/w& 

(10) 
(11) 

(12) mm/&mm/iEii&\m/iEimmm/%itm/mmm/mm 
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5t^£3d#1-&S^'C&rK -to^atetticov^f (±x 4 0 0-7 0 0 nmOnPH 
[0 0 4 2] 

-)A^f5!f7^^ ^7^, T^S n^|^7^ *^^'fi^7X > /N'V7 

i^®i:t"C(i> #*Mm<7);*c§v> (4eVm_L) ^> £^ IMsittft^ 

»»K<7)flr#^!lt LTl±, Au^h^I, Cul, I TO (^>v»7A^> 
t^>K), Sn0 2 , ZnO, I n - Z n - 0 £ i:^«^#W^tfb H2> 

, L< ti 1 0~ 2 0 0 nmO»M^Wo 
[0 0 4 3] 

O^^iJi: LT(i> tf'J^A, »7A-:*7 V "7^^ 7^y-)A, V 

f>7A, v^y-^A • iR^, T;V5 A /mtT )\> ^ ~«7 A, Al/Li 
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2 O, Al/Li0 2 , Al/LiF, r;V^~^ • U^^A^, -f >v*^ 

0%£ >0±Z <-f2>Ztl)mt Lv^o £*r, LTOv- h*£#Li±3& 

5(l/DTOflL{, S<bK> Sil¥(iii^l Onm-l/zm, 4^L<{i5 
0-2 0 0 nm-C&&o 
[0 0 4 4] 

[0 0 4 5] 

±|fi*;l/ny^-r KilUli, mz-lZS i Ox (1^X^2) , A l Ox (1 
5=X^1. 5) , Si ON, S i A 1 ON'iWJ L<mi>fbti, 
mtLXlt, fUxl^L i F, MgF 2 , CaF 2 , y v it%i±M±m% t'&B* 
L<^f<b*t> ^JR^b^i: lTti> ^!lx.^C S2 O, Li 2 0, MgO, Sr 
0, BaO, Ca0^i«L<Pff>tLl. o 
[0 0 4 6] 
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: 39/ 



o 

tiS^ftAi «fc *) «T- 4r & A"?* 6- ^ ri f 
[0 0 4 7] 

SfcifcPflBB 5 7- 5 1 7 8 l^#U^$ttTV^ J: 9 OTH£«>*S*:SI 
[0 0 4 8] 

^JB-eaboT. JE?L»i&K^§<, >f *WbJ-*^-**ailf 5. 5eVJ^T 

Jilc«r^i-**t*|-* t »*L<, £ h ^lE^L^M^ 0* ~l 0& V 

/cmOmWWtimi', ^4<ttl0-6cm2 /V -Wi^Aft Lv> 

tf) (7) ^ h &± <D «> O & }I}R L T ffl £ # s t? § & o 
fit, i<oiE?Lax-<iayi*^lfti"&^^ jE5L^X • 

tfiiE# 2003-3072640 
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> If{i5nm~5/xrat*$)^o 
[0 0 4 9] 

■r&mx&^x, n=F&Mm&*£<. ttzim&mmte. z.vm^&xmw 
t?# k mm t vitmtf&. h*z>mx$>ho (D^mmmmmmmw 

o 

[0 0 5 0] 

> mw)^^^, »y^^, m^-tv^A, bmit?^*^*^ mt*?y* 
->^^ m^^^v-^A, a^r^^^^A, mt?-?>. m 

[0 0 5 1] 
[0 0 5 2] 
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i±l 0-2 0 0 nmO*EH<Z>IW3ncfc;&,MK, Ii^^^ttX/N 8 ^'J >^ 
AJt^fiMl*. «Titt/iJ:^UH2g3R#ft, Xt^n-h^ ^txfft, LB 

ABO****) , Sfi^hi-^JE?L^X©0^ H H H «^^^f#^^J; 

, Httfc&*W«U*5 0-4 5 CC. Mmmi 0-7-1 0-3t o r r, fttt&ft 

0. 0 1-5 0 nm/#\ SIMRiMt- 5 0-3 0 0°C, mm 5 nm-5,um<7>$E 

[0 0 5 3] 

^^SiRtiCt^lSe BW±1 0-4 0 nm^lfcffijW* L-V* 0 
[0 0 5 4] 
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[0 0 5 5] 

3-4 o v<7>mj±£epJ!)Pi-££. 5Bfo&iisiT?£*o ^Utt-cmm 

[0 0 5 6] 

rawn 
mmvn (^2-70^) 

(1) 2-(4-/nt-7i-;i/)-6-7x^^-'f ^ ^V[l f 2-a] tf 'J ^>tf>£-& 
2_7 5y-5-rn*e'J^> 5.0g (29mmol)> 7 i-j^fD ^ 3. 6g(30mmol) 

, rh7^x (h'J7x-MX7^) /N°Tv^A0.67g £l,2-v*;* b3r~>^- 
? >905 V *J v b/Wi»J&»U 2.0M#t^ b U 7 AtKv» 45 5 V V y b ^=£r*P 

>4.0g£t#£ o 

g (23 mmol)£^*/-^ 50 ^ V U ? b>WC?gj&>U ^7^*^ b ^^3.7g 
SrflPx., 6l$lflJ;&n&*iftLfco RB&T'ik, 3«U ft * 9 J 

-;VTi£8-U 2-(4--7*n^-"7aL^;V)-6-7^^;V--f ^ ^V[l,2-a] fc'U v^3 
.l g (Jfc!£31%) 

(2) 2-[4-(l0-?-"7* V^-2--f;V-T> h7-b>-9-'f ^)-7x-Jl/]- 6-7x 

^V[l, 2-a] e 'j v > (ffc^tl 2 - 7 ) <0&$L 
2-{4-7u*:-7 x.~)V)-6-y * 2-a] tTU v> 4.0g (llmmol) 

> 10-^-7^ l/>-2—f ;V-T> b 7-t>-94'n>i 4. OgCllmmolK f F7^ 
(h >J 7x-^W7^ » ^7v7A0.27g il.2-i?* >40$ 'J 'J 
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f, 5HPfi572.23fc*J-U m/e=572 T* »K Stt^iittHBUo 

[0 0 5 7] 
^«!l2 at^%3-3<7)^) 

(1) 2-(4-/n^-7x-jV)- 6-e7x-M-^V-^ 5 *V[l,2-a] fc? U v> 

^JfrWl*> (1) Kfcv^r, 7i^^^a>HOft*>0^, 2-H*7x^;Hn 

2-^ ;v--f ^ jr y[l, 2-a] tf 'J v >4. Og 0IW54 96) &f»fc 0 

(2) 2- [4- (10- -J-?* l/>-2--f ;W-T> b 7-t^-N^)-7x^;V]- 6-tf-7 
x - ;V-2--f ^ 2-a] e V v > «fc#^ 3 - 3 ) <D&J& 

mmmi<D (2) k^t, z-(4r7*nt-7ii^-6-7x-M 5 

2-a] fc?V 0 fc, 2-(4-7n€-7x-;V)- 6-K*7x^.;l/-2-^ 5 

m^^V^^lv^liW^J:^ 3.7g (JR^91%) Oft 
6-fe@#£t#fc 0 Cl^^Oti, VX7^^ h ;V(MS)^#f<7>l£^> $HP*648.26K 
ft U m/e=648 "C* 0 ^ B 2> Z t frfftg t £:<, 

[0 0 5 8] 
H»I3 (ft^*3-4^«) 



(1) 2-(4-7'n^-7x-;V)- 6-[l,l , ;3M ,, ]^-7xS*-5 , ->f >W->f 5 r 
V[l,2-a]kT'; 

SSifcWlO (1) £fcv**C. 7^-;v^n>m^tt>^^ x [1,1';3',1"]* 
-7x-^nvift^miirai©iM^J;^ 2-(4-7*n^-7x-;v)- 
6-[l,l' ;3M"]^-7x-;i/-5 , -'f ^--f ^ ^/[1,2-a] t?v> ^>6.3g ( J|»7 
3%) fcfcfco 

(2) 2-[4-(10-f"7^ V^-2-^^-T> h^-t^-M^^x-^]- 6-[l, 1' 
;3M"]^-7x-;i/-5 , ->fM5r/[l,2-a]e'Jy> (fls£-&3-4) <o# 
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mW.mi<0 (2) 2-(4-7nt-7x-JV)-6-7x-;i'^ ^ 

2-aie 1 ; y>0^t>>) ^ 2-(4-7*n^-7x^jV)- 6-[i, 1' ;3M"]^-7x^ 
)V-5'-j )V-4 5 ^7[l,2-a] fcf'J v >4fflv»feJ5l*l-tt|BI*0|ftf^U J: *) , 2.8g( 

53^£724.29K*tU m/e=724 "Cafe „ BMW~C$>2> Z t*mWL?z<> 

[0 0 5 9] 
glifeflU (^»3-5C^) 
(!) 2-(4-7*n€-7x^/I/)- 6-^7* W>-l-^f^--f ^ ^V[l,2-a]tf 'Jy> 

ymm^tzmumm^m^^n, 2-(4-7*n^-7x-M- 6-^7^ 

1- ^M^r/[l,2-a]li'Jy>9.2g (J|^80%) 

(2) 2-[4-(10-^7* V>-2-^;V-7> >7-t>-M ^)-7x-;V]- 6-^7 
? ^ 5 *V[1. 2-a] tf U v > tffrfr* 3 - 5 ) <D&m 

mmi<?> (2) Hfev^-C, 2-(4-7*n^-7x-;V)-6-7x^^-^f ^ ^^[1, 

2- alb: 1 ; v><7)ftt)«9 2-(4-7 , n*-7x-;i/)- 6-^7 ? W V-l-'OV-^ 
^/[1,2-a]^ v>-^fflv^cWt±^<7)^^<t *K 4.3g(ilX^90%) <£>it6 

&mfc*ntZo CO&<7)(*, VXX^? b;V(MS)^<£>#^ #^*622.24H# 
U m/e=622 T?* 0 > B - *lt©Lfco 

[0 0 6 0] 
IHWJ5 (^3-6^)^) 

(1) 2-(4-7*n^-7x-;V)- 6-^7* V>-2--f;i/-^f ^ 2-a] t?V v> 

^IWJi<7) (l) t^^r. 7^=.)i'#u>M<7)itt>t) 2-i-y ?v>**n 
>M*m^fzmUmffii<r>m'?^£ »K 2-(4-7*n^-7x-;v)- 6-i-7^V>- 
2-^;V-^ 5 7V[1.2-a]fcf'; v>9.9g 0DU*S86%) £#7c 0 

(2) 2- [4- (10-^7^ V>-2->f ;l/-7> h 7^>-9-^)-7x-^]- 6-^7 

* v >-2--r * s *v[i, 2-a] e v v > at-g-tj 3 - 6 ) <D&1& 

ililO (2) Kj3V>-C, 2-(4-7"D^-7x-jV)-6-7x-;M ^ 



ffifiE# 2003-3072640 



mm 2003-005184 



^-v: 45/ 



2_ a ] fcfi; v><7)<tt><9 2-(4-yn^-7x-;i')- 6-^7 * 1/ ^-2-^f ^-^f 5 
^/[l, 2-a] e 'J v > v^^(±ra^o*f^tc ±1), 3. 6g(J|W83%) <7)f*& 

U m/e=622 "Cife *K BtoJBrC** £ £**©Lfco 

[0 0 6 1] 
3Ufcfll6 (jt^3-70^) 

(1) 2-(4-7*n*-7a.~;v)- 6-7xt> b * *V[1, 2-a] 

^M/>_9_^;V_^^^>/[l,2-a]e'jv>7.3g (J|X^95%) £*#fco 

(2) 2- [4- (10- "7^ U^-2--f ;V-T> h9-fe>'-9->f *)-7i-*]- 6-7x 

1- >YU>-9-4)^ S^V[l»2-a]fc?'; v> (it^® 3 - 7 ) 

HIW1<7) (2) KiSV^T. 2-(4-7'D^-7x-;V)-6-7x-;V-'f ^ ^7*[1, 

2- a]kf'Jy>Wftt)^:, 2-(4-7n^-7x^;v)- 6-7xf/fV>-M^- 
* $yV[l,2-a]ev ^>«rfflv^^t±ra*ftOlftf^JCJ:«3, 2.7gOI«73%) O 
ItfeHttfc&fco £<&fcO(±. VXX^? b;KMS)#tff*3*t*> ^-T-»672.261C 
*tU m/e=672 "Cab D > BW^iifcWBUo 

[0 0 6 2] 

(1) 2-(4-7n^-7x-;i/)-6,8-y7x;;V-^ 5 ^V[l,2-a] tf'J y>^l 
2-7^-3,5-^7'n€lf'Jy> 5.0g (20mmolK 7x-^fn 5.0g(41m 
molh fl>7^ (h'J7x-H7 7^) v>7A0.92g *l,2-2>* b * 
>130 ^ 'J V y b JWC^U 2.0Mj^m^" b V "7 AtKM 62 ^ V V y b 

^ 7-fcf'J v>8.9g£#/io 

# «b *lfcffi3, 5-v 7^=- )V-2-T < J - e U 5> > £ 2, 4* -v^T* n T -t b 7 i J 
>5.5 g (20 mmol) J 80 5 'J 'J 7 h ;WC?#7&> U R^^t^ b V «7 
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^ */-;KCft:i#-U 2-(4-yn*-7x^;l')-6-7x-jV-'f 5 2-a] t? 

';v>6.9g (J|«82%) S:#3to 
(2) 2- [4- (10-**- 7? V>-2-4 ;V-T> h 9 -fe >-9-^ i — 6,8-v 

7x-;M5r/[l,2-a]e'Jy> (lt£-$>7-8) <7)£-J& 

SSifcWlo (2) Ki3V>T, 2-(4-7*n*-7x-;V)-6-7x-;V-'f 5 
2-a]eU S/^OftfcOK, 2-(4-^D*-7xiA')-6 1 8-'/7x-M 5 ^V*[l, 

#/c 0 i^^^fi. -?X^^^ hMMS)^#f<0#£*, ^?-*648.26«tt, m/e= 
648 t*£> *) , B tf}%0~?$> t fc 0 

[0 0 6 3] 

(1) 2-(4-7*n ; e-7x-;v)-6-7xiJV-'f 5 ^V*[l,2-a] if 1 ; 5 :/><7>£-J& 
2-75 5.5 g (32mmol)> 7x-;v^n 4.3g(35mmol) 

f)«7^X (hV7x^X7T/) v^A0.80g &l,2-v^ h^v 

y 1005 v y y b ;w-?#^u 2.(M%m.i- > y ^Tfcitifc so 5 »; y ? h * 

#f>n^ffi5-7^^;V-2-T^ /-tTU <y>t2,4 , -^7'nm>7x7> 
8.0g (29 mmol) > £.x? 1005 «J U ? WWC^U j^Sl**^ > V * 

;* ?/-;l/T?i§fc?£U 2-(4-7*n^-7x-fl/)-6-7xiM 5 ry[l,2-a] 
U ^ v>5.4g 0R!p49%) fcftfco 
(2) 2-[4-(10-i"7^ V^^-^^-T^ h 9*^-9-^ ;V]-6- "7 J. 
- ^ ^y[l, 2-a] tT 'J 5 v > Mfc^ 9 - 7 ) <7>£-J& 

2-(4-7*n ; e-7x-;V)-6-7x-;v-f 5 ^7[l,2-a] 5 v> 3.0g (8.6mm 
ol) > 10-^7^ V>-2-^;l^-T> b7-fe>-9-**nyM 3.0g(8.6mmolK xh9 
*X d>'j7x-;V*X7>f>) /N'^v^AO^Og £l,2->^ h*'>^* ^305 
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X~m&L, 3.0g (^62%) <Dn&&M®-*ntZo Ml/ 
(MS)^O^, 55^*573. 22K*tU m/e = 573 "C* *) > - h £ 

[0 0 6 4] 

MMM9 (ttELt^I) 

2 5mmX7 5mmXl. 1 mmfO I T 0»W«ffi#S 

mmwwmzm*) z^i^-cmme o nm^N, n* -e* (n, 

N' -y'7x-;V-4-7^7x-;V) — N, N-y7x^-4, 4' -v 

r^y-i, i' -t*7x^n (TPD2 3 2D *mL-mmmmKx*)j&m' 

Ltzo :<^)TPD2 3 2l(i, HS-OjEIL&A* (IE?LMti£*) tLX®M1r2> 
o «»tT, CLOTPD2 3 2BLtK, BgJ¥ 2 0 nmW4, 4' -If* [N- (1 
_ N - 7x -;v7=;] Vf7i~;HH (NPD1) iWD^t 
fcJ^JfcitLfco iONPDBIt±»2 0jE?L&X» (jE?Ufc£*) tUilt 
&o NPDBLht:, iS4 0nmf4' , 4" -If* (2, 2-y7x 

~;vtf-;v) -9, 10-^7x-;V7^h7-b> (DPVDPAN) fcStfciU 
O^Mt/Co Cl^DP VDP ANJUtt, ^fcUtit^o 
>k\z, C(0 DP VDPANI±t:lfl 0 n mOlrlBffc'fr* 2 -7 Sr®^* 

t&o Z<Dfe, Li (Lil:tx^y>^-tt|l) ££r7Gil^$^> «^ 
A^Xti^i: LT<b^%2-7 : L il^iltl. 5A/sec:lA/ 
m i nT?Kff 1 0 nmMU, Z.<D\k&W2- 7 I L i BLhK&fcA 1 fc^S* 
2*t&mmm*%kmi 3 0 nmlifcUtlELff^it/;, 
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[0 0 6 5] 

mnm 10-12 (w#e hmi-m'm) 

[0 0 6 6] 

JfctfcWl (tHELf^S) 

(A 1 q) ^ffl^^^filWHtHUT^EL^^^L/Co 

Jt»J2 (^ELf?e?-<7M«) 

9 K&V^T , 2-7 <Dftt> «) #^2001-6887-^^^fafc^> 

TlMb^ Atffl^f; Hit £ t T E L * 1« L o 

[tt2 7] 




[0 0 6 7] 
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1*1] 



m. 1 







m e 

(V) 


(mA/cm 2 ) 


563te»ffi 
(nit) 


(cd/A) 






nmm9 




3.8 


2.8 


192 


6.8 


(0.146.0.157) 




mmmio 




3.8 


3.1 


208 


6.6 


(0.144.0.152) 


* 






4.0 


2.5 


150 


6.1 


(0.147.0.161) 


# 






3.3 


2.2 


167 


7.4 


(0.150.0.170) 






Ala 


6.0 


5.2 


190 


3.8 


(0.149.0.164) 




\mrn2. 




7.0 


3.2 


135 


4.2 


(0.144.0.144) 





[0 0 6 8] 
[0 0 6 9] 
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